We present nonequilibrium molecular dynamics simulations of pure argon at a temperature of 135 K and density of 1.034 grn/cc using the highly accurate Barker-Fisher-Watts (BFW) model for the intermolecular potential. We consider the BFW potential both with and without the Axilrod-Teller three-body interaction. We find that the three-body potential has a very small effect on the shear viscosity: The predicted value in the presence of three-body forces is 3% less than that obtained without three-body forces.
compared is the same as used here and in paper I. The simulation methodologies are described in paper I, to which the interested reader is referred. We briefly report here details of the simulation for the case in which three-body forces are present. The total energy in the case of N molecules interacting with both two-and three-body interactions is given by 
with v=73.2X 10mg4 erg cm9. The calculation of the pressure and the shear viscosity requires computation of the trace of the pressure tensor and the xy and yn components of the pressure tensor, respectively. The three-body correction to the pressure calculation was performed using the perturbation theory formula given by Barker er a1.,3 viz.,
The last term is an approximation for the three-body force contribution to the pressure, pi=lpil is the magnitude of the momentum pi of molecule i and m is the mass of the argon molecule. The shear viscosity is calculated from the expression s p+y+pyx ypT=-2y .
In this equation, y is the strain rate and p&, is the the xy element of the symmetrized form of the pressure tensor given by 
e=-2vrjkr;k, f=-2vr;r,?k, g=--2vrfjrfk.
These formulas are deduced from the three-body force expressions given by Allen and Tildesley.6 For the LJ fluid, we have used the constant temperatureconstant pressure (NPT) sllod algorithm, while for the BFW model we used the constant temperature-constant density (NVT) sllod algorithm, in all cases with 108 molecules subjected to Lees-Edwards sliding brick boundary conditions to drive the planar Couette strain field.7'8 Shear viscosities were calculated as a function of strain rate, and the results are given in Tables I and II. From kinetic and mode coupling theorles,9-'1 it is known that the strain rate dependence of the shear viscosity is linear in y"'
The zero strain rate extrapolation of 7, vo, is thus the Newtonian viscosity. The viscosities for LJ, BFW, and BFW +three-body cases are shown ia Fig. 1 and evidently follow Eq. (8) quite well. For NVT simulations it is known that the configurational energy, Econr, and the pressure, p, satisfy the asymptotic relations'-I5
It is clear from Figs. 2 and 3 that the NVT simulation results for the BFW potentials are consistent with these equations. When the strain rate dependent viscosities are extrapolated to zero strain rate by least-squares fitting to Eq. (8), we obtain the predictions given in Table III . First, note that the BFW results are in significantly better agreement with experiment than are the LJ results, as was found in paper I. (Note that in paper I the LJ and BFW results for viscosity were 885X10e7 Ns/m2 and 780X10e7 Ns/m', compared to 867X 10e7 Ns/m' and 777X 10m7 Ns/m' reported here. The slight differences are due to the longer runs used in the present paper which lead to more accurate strain rate dependent viscosities which in turn lead to a more accurate ex- trapolation to zero strain rate.) Second, we see that the difference between BFW+three-body (754X 10M7 Ns/m') and BFW (777X IO-' Ns/m') is very small: The presence of the three-body force reduces the viscosity by 3% and improves the agreement with experiment (by reducing the error from 5% to 2%), but one might argue that from a strictly statistical point of view the differences are not statistically significant. For this reason, we have reported in Tables I and II estimates of the error in the viscosity at each strain rate. The estimates are obtained by breaking the simulation into 10 000 time step blocks and regarding the average of the shear viscosity over one block as a data point (so that for each strain rate, the number of data points ranged from 18 to 60). These block averages were then considered to be independent measures of the viscosity, and the mean and standard deviation calculated accordingly. The error estimates are the standard deviations obtained in this way. There are two objections that can be raised to this estimation of the error: first, there may be some correlation between adjacent block averages thus nullifying the assumption of independence of the measures of the viscosity; and second, the choice of 10 000 time steps for the block average is somewhat arbitrary, since different block sizes will lead to different standard deviations. Consequently, rather than viewing the error estimates as absolute measures of the error in the simulations, it is more reasonable to view the relative size of the standard deviations as measures of the relative error in the simulation. Thus, it is clear that the error is much lower at high strain rates than at low strain rates.
Another statistical measure of the noise level in the simulations is to ask to what degree the simulation results fit Eq. (8), which can be estimated from the correlation coefficient for the linear least-squares fit of the simulation results to this equation. Using standard statistical formulas, the slopes of the three lines in Fig. 1 are given by -341.8 r0.3 for the LJ potential, -111.1550.06 for the BFW potential, and -108.4-1-0.1 for the BFW+three-body potential. The very small uncertainties in the slopes suggest that the error in the individual strain-rate dependent viscosities is considerably smaller than that obtained by the block average estimates described above.
Thus, from a strictly statistical point of view, there is ambiguous evidence concerning the significance of the difference between the BFW and the BFWfthree-body results for viscosity. Although the difference in viscosity is small, it is consistent with the differences in pressure, configurational energy, and potential of mean force described below, and so we regard it as a real difference.
The zero strain rate configurational energies and pressures reported in Table III are obtained by performing simulations at equilibrium. The configurational energy is more positive in the presence of the three-body force, as was found by Barker ef ~1.~ at a very similar state point. Thus, the molecules are experiencing a slightly more repulsive environment on average. This provides a possible qualitative explanation of the slight lowering of the shear viscosity in the presence of three-body forces. Making the environment on average slightly more repulsive (or less attractive) is the same thermodynamically as raising the temperature at constant density on a system at fixed intermolecular potential. Consequently, the addition of three-body forces to a system with just BFW forces has the same effect as slightly raising the temperature, which in the liquid state we can expect to lower the viscosity. '6 Another way of picturing this is to consider the potential of mean force, q(r), defined by
where g(r) is the radial distribution function (proportional to the probability density of finding an argon molecule distance r away from another argon molecule) and kB is Boltzmann's constant. The potential of mean force is a measure of the effective pair potential between two molecules in a fluid when both direct (the two-body intermolecular potential) and indirect (through the presence of other molecules in the system) are taken into account. Equivalently, it is the intermolecular pair potential which would yield at the same temperature and zero density the same structure (radial distribution function) as the fluid. In Fig. 4 we show the potential of mean force for argon modeled by the BFW potential both with and without the three-body interaction. The effect of the three-body interaction is small (consistent with the small effect on the thermophysical properties) and follows the picture outlined above: the first minimum is slightly more shallow (i.e., the interaction effectively slightly more repulsive) when three-body forces are included. The second peak and second minimum are also attenuated slightly in the presence of three-body forces.
